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PREPARATION AND PROPERTIES OF THE SYSTEM Crz_xRKKDS(Z?x‘O)

hy

Y. C. Zhang, R, Kershaw, K. Dwight and A. Wold

Chemistry Department, Brown University, Providence, RI 02912

ABSTRACT

Members of the svstem Crz_thxO3(23ng) were preparaed by thermal
decomposition of the nitrates. Magnetic measurements indicate that the
chromium-rich members are antiferromagnetic and the spin-only moment,
extrapolated from the high temperature portion of the susceptioility curves,
corresponds to Cr(III). Reduction studies indicate that the rhodium was
stabilized in the sclid solution and that at elevated temperatures between
1100 and 1200°C the mixed oxides were reduced to either the elements or a

rhodium-chromium alloy.

INTRODUCTION

KXhanolkar [1] reported that rhodium metal and chromium(III) oxide react
to form an ilmenite phase CrRhOz with a = 5.42 A and alpha = 55°12'.
Shaplygin et al.[2] showed from DTA and x-ray studies that bhelow 1210°, Craoj
and CrRhyj3 coexist at 0-50 mole percent Rh>03 and below 1060° CrRhO3 and Rh»03

coexist at 50-100 mole percent Rhs0z. The samples were preparced by heating

aixtures of Cra0s and Rh»03 at 200-1000°C for 150-290 hours.
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Thera appears to be little else puhlished “ancerning *his sveren,  Since

hoth end nembers cryvstallize with the corundnm structure (3, 11, with cell
d - - N - ~
araneters of a = 4,93 and 5,13 A, and c¢= 13,38 and 13.3%5 % for “razoand
b . >
Rh~Q3, respectively, the reexamination of the earlier work ising “etter

synthetic nethods was deemed advisable.

Furthernmore, it was reported by Strater and Mantell (53] +hat hvdroqen
reduction of Cr»03 to chromium was found to be feasible above 1130°C at very
low water concentrations. However, the presence of a small quantitv of
residual water vapor retarded the rate of reduction., This was confirmed bv
Hussein et al. [61 who succeeded in reducing Cr03 with hydrogen to Cr at
1200°C. The authors also reported [7] that the addition of metallic iron
increases narkedly the extent of reduction. In this study, reduction studie
of nenbers of the system Cry_yRh,03 were carried out as a {unction of
increased concentration of the rhodium to see if the results were similar <o

those found for the Gry_yFe, 03 system.

EXPERTMENTAL

Sanples of Crp.(Rhy03(2-x~0) werc prepared hy codecomposition of rhodiun

.

nitrate and chromium nitrate. The calculated weights of CriNd33)3.20-C and
Rh(NJ5)3.2H20 were dissolved in water and the solution was iried a1t 1IN Car

12 hours, ground, and decomposcd at 100°C for 24 hours. The sanpls was then

zround and heated at 1000°C for 48 hours. Rholdium metal was prepared by

reducing Rh203 with Ha/Ar(153/85) at 300°C for 24 hours in a horizontal tuhe

-

L4

« v e s
R 4

-
a

' P

1)
-

kPl SN AR At
l‘l

“y
o

L LA

ladh TN T

YT YWV
XX

<

Wy

7, .,';,',I ‘l"l":‘.'-ﬂ. R

whY N ‘,"," )

e
L

2

AN

»" .
s a

58 4 1% "

"“..' ff J\V o f{f.-'.ﬂ' -' o f of J'.-PR-' _f J'\l',-' -"\-" \f : "o "\ \f 1\1-_' "v\'\' ‘\



’
t
-
- . . ' ) Tyl foat , b W il . s
furnace,  The :hx)3 was prepaved by leconposing ThiNOgt S 20 ar X000 o t
0
I‘
for 7Y hours and Jra)g owas preparted Hy teconposing TrfN0<) 5 N0 4 00T on .
. 53
air for 21 ours. %
‘.’h‘
2
. . : - bA
Temperature progranmed reduction studies were carried out on four -
compositions {x = 0,4, 1, 1.6 and 2} using a Cahn 113 thernal bhalance. These Y
compositions were chosen in order to study the stabilization of rhodiunfIII e
o : . . #
towards reduction in the solid solution series Cr»_,Rh,03. Each sanmple
)
(n30mg), after “eing placed in the balance, was purged with a stream of 4 '
w
[ Ho/Ar(15/85) in order to obtain a constant initial weight. The H»>/Ar gas was §g
| ?
predried over a P»>0g trap and the flow rate was 60cc/min. The temperature was ~.3
! : 2~ ~no ::'r
' then increased to 1000°C at a rate of 30°/hr. “i
i
) :'f
.‘ "
In order to study the complete reduction of Cr(III}, the end nenber !.
-
. . o : _ 5
Cr,03 was reduced in a Lindberg furnace at 1200°C for 36 hours in flowing it
=
. . . A
hydrogen with a flow rate of 60cc/min. The hydrogen was predried over a P-0j oy
trap. For compositions with 23x21, the reductions were carried out in a }:
--
-
Lindberg furnace at 1100°C. A sample weight of approximately 100 mg was put ood
o)
in a silica crucible. At the completion of the reduction, the furnace was !
turned off and the sample allowed to cool to room temperature in the furnace. }ﬁ
K
X-ray powder diffraction patterns of all samples were obtained using a .
Philips diffractometer and monochromated high intensity CuKyy radiation (v = e
e
s s
1.54050), The diffraction patterns were taken in the range of 127 2 o R0° S
with a scan rate of 1° 24/min and a chart speed of 30in/hr. [n order to
obtain the cell parameters, slow scan x-ray patterns were ohbtained with a scan

- -~ . - . - -* - - L - N
m-ﬂ'.t&’.m R R LT DG LR TRALL T, i vk, L L A L S S DAY,



rate of 0.25° 2:/ain. Cell parameters were obtained from a least squires

refinement of the data with the aid of a computer program which corrected for
the systenmatic experimental errors. Magnetic susceptibility of rhe oxide
sanples was neasured using a Faraday balance [8] from liquid nitrogen
temperature to 763 K, A field strength of 10.4 kOe was used in the

nmeasurenents.

RESULTS AND DISCUSSION

Menbers of the system Crj_yxRh,03(22x20) were prepared by decomposition
of the nitrates and cell parameters were measured and are shown as a function
of increasingrhodium oxide concentration in Fig. 1. The magnetic
susceptibility data are given in Table 1. The moments reported were
extrapolated froa the high temperature portion of susceptibility curves
plotted in Fig. 2. Tpe measured moment corresponds closely to the value 3.9%up

reported for Cry03.

The small observed variation in the observed moments (-.1) was duz to
the limited temperature range of the high temperature measurements. The
observed Neel temperatures for the chromium-rich members are consistent with
the antiferromagnetic behavior of 3d3 chromium. Rhodium does not contribute

to the observed moments but does reduce the strength of the antiferromagnetic

interactions.
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The results of the temperature programmed reduction studies for compositions
where x = .1, 1, 1.6 and 2 are shown in Fig. 3. The shift in the initial sharp
reduction step indicates the increased stabilization of Rh(1d® from 90°C for
pure Rh503 to 900°C for Crl.éRh0.4O;l For the compositions CrRhO3 and
Cr_4Rhy 03, the total weight loss was greater than that calculated for the
reduction of Rh{III) to Rh(0). Therefore, it was suspected :zhat some of the
chromium(III) was also being reduced. A mechanical mixture of Cr-03 and Rh to

give a ratio of Rh/Cr of 2:1 was reduced in pure hydrogen (60cc/min) at 1000°C

o

for 24 hours. The product was subjected to x-ray analysis and corresponded to

'x."

the alloy RhyCr (Fig. 4). From the TPR data shown in Fig. 5, the observed

7 - .

weight loss was found to correspond to that calculated for the complete t
reduction of Crp03. This is similar to the observation of Hussein et al. (7) )
l*'
for the influence of iron on the reduction of Cr>03. !.
u Np
r Na
s
A series of solid solutions from Rh303 to CrRhOz were completely reduced 5:
under flowing hydrogean and complete reduction was achieved at 1100°C after 36 !‘
”
-
hours. The results are given in Table 2 and indicate the formation of a pure ot
ha
v
(¢) alloy phase where Cr>0.5. The reduction of Cr;03 to chromiun nmetal, as xﬁ
.-
detected by x-ray analysis, was carried out in a flowing hydrcgen atmosphere -
-~
I~J
(60cc/min) for 36 hours at 1200°C. All of the compositions between CrRhO3 and Q

.
L

Cr»03 can be completely reduced under these conditions.
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Table 1

AR ERY

MAGNETIC PROPERTIES OF Cra_ Rh,03

h )
LA AL

Neel Neilcs

Magnetic Moment Temperature Conszan:
Composition of Cr>* (up) Ty (K) R

Cry03 1.0 315 -A37

Cry,gRhg 7203 4.0 270 346

TTTERE T e

Cry_eRhp 403 4.0 205 -395

BN s

Crq,35Rhp, 503 4.0 180 =331

Crq.4Rhg, 603 1.0 150 -285
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Cry . 3Rhp 703 3.8 125

CrRhO3 3.8 --- -102

e

Cro.4Rh1 603 5.8 --- - 3
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Y-RAY ANALYSIS OF Ora_ 2w 0y WFTIR momts

Phases of
Initial Reduction Cell Pary-erarc
Composition Products 171 -
Rh-3J3 cubic (y-Rh) 3.303
CrO.JRh1_603 cubic f(y) +

trace hex.(c) 3,780+
Cro_Jth1-5203 hex.(e) +

trace cubic (y) 2.685** 4,200
Crg,s5Rhy, 503 hex. (¢) 2,687 1,290
CT0.67Rh1‘3303 hex.(e) 2.678 3,269
CrRhOS hex.(c) 2.665 1,250

* Cell parameter of cubic rhodium phase.
** Cell parameters of hexagonal phase.
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Foz.ot. X-ray pnase analysis of a nixture of Rh and Cr»U3 before and atfter

2. oo Time proriles of temperature and corresponding relative weight

Yor a nixture of Rh and Cr»0s heated in flcwing Ha.
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